
JUNE, 1916. 

arhrura. 
6 

10 
ls 
a0 
a6 
30 

MONTHLY WEATHER REVIEW. 

Inchrs. Mnwra. Inchea. 
a25 85 a55 
0.30 40 0.60 
0.85 16 0.65 
0. 40 50 0.70 
0.45 60 0.80 
0.50 

329 

SECTION 11.-GENERAL METEOROLOGY. 
TBOPICAL BAINS-THEm DURATXON, FREQUENCY, AND 

INTENSITY. 

By OLIVER L. FABEIG, Professor of Met.eorology. 

[Dated: Weather Bureau, Baltimore, Md., Jan. 3, 1916.) 

"lie aim of the following discussion is to determine! by 
accurate measurements and calculations, the duration, 
frequency, and intensity of tropical rains and to coni are 

the middle latitudes. 
For this purpose a representative area within each of 

the zones was selected in which accurate and detailed ob- 
servations are available for a period sufficiently long to 
establish reliable normal values. The Tropics tire re re- 
sented by the island of Porto Rico, in the West IncEes, 
and the Temperate Zone by the State of Maryland. 

Attention IS also direct,ed to the influence of to ogra.phy 

Rico, and to the relation of the rainfall to the principal 
commercial crops, namely, sugar cane, coffee, tobacco, 
citrous fruits, and pineapples. 

the results obtained with sindar ineasurements i m c  P e in 

on the distribution and character of the rainfal P in Porto 

A. DURATION OF RAINS. 

Tropical rains are of short duration, compared with the 
rains of middle latitudes, om-mg to the Oreater freedom 
from cyclonic storms in the Tropics. ?he duration of 
rains at San Juan is less than an hour, while at Baltimore, 
Md., it is about eight hours. The tropical rains are of 
fairly uniform duration in all months, while in the high 
latitudes the winter rains last decidedly longer than those 
of the summer months. At Baltimore rains of the colder 
half year continue about 10 hours and those of the warmer 
months less than 4. The esplanation of this difference in 
duration is found in the greater frequency of the cyclonic 
storms of the winter sertson.%The rains of the Tropics 
closely resemble the summer rains of the middle latitudes 
during a spell of unsettled weather. (Table 1 and fig. 1.) 

Ro. I.-Avm duration of roinS (hours and minutes) at Bslthore, Md., and Sari 
Juan, P. R. 

TABLE l.-Durahn of rainfall (in hours and nainulcs). 

3 pears). . . . -. . . . . 0:59 
S m  Juan (average 

Baltlinore (averagc 
10venrs) ..... . . . . . 11:lO 

Sari Juan (dry year, 
1!W7) .__._____._.__ 0:s 

1910). ._ _......... 0 5 s  
San Juan (wet year 

The duration and character of rains is shown in an un- 
usual manner b the use of what may be termed "rain 
autographs." Jhese are automatic records made by the 
rain drops falling upon specially repared sheets of paper 

with the exception of a small aperture in the top of the 
cover. 

The records show not only the time of beginnings and 
endings of the lightest rains, but their frequency and, in 
a rough way, their intensity. 

Duration of excessive raim. 

covering a revolving drum, the a rum bemg under cover, 

(Fig. 2A and 2B.) 

On comparin what are officially designated as esces- 

!L'ropics than in the higher latitudes. This is shown by 
comparing, for instance, the avera e duration of exces- 

compwison covers a period of 10 years (1894 to 1903) at 
Baltimore, and of 12 ears (1899 to 1910) at San Juan, 

classed as escessive by the Weather Bureau. The aver- 
age duration of excessive rains at San Juan is 35 minutes, 
and at Baltimore 20 minutes (Tables 2 and 3). 

sive rains,' it is f ound that their duration is greater in the 

sive rains a t  San Juan, P. R., and at 53 altimore, Md. The 

and includes all of tm g e rains of the respective periods 

TABLE 2.-Avmqe duration ojczeeesive mina (in minutes). 

L i m h  at which precipitation may be d h c d  cceeadoc. 

1 Predpitation will be Considered e d v e  when It equals or exceeds 2.5 hchw 
(63.6 mm.) in a4 consecutive hours, or 1 inch ln 1 honr. . . . 
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JUNE 4,1908 
21 22 23 24 I 2 

s .. 
T 

20 

AUG. 17, 1908 
20 21 22 23 24 I 2 

A U G . 7 . 1 9 0 8  
IJ rn I3 14 15 16 n 

I I I 1 
JUNE 15,1908 

8 9 IO I1 MT 13 14. 

D4 

DEC 30,1907 
14 15 16 I7 18 19 20 

I M 
A U G . ~ , I ~ O E  c: 

7 A .s 7 

NOV.24.1907 

A. Baltimore, Yd. 
(Hourlyamounta in hundredths of an inch given by small 5gures within the hour spaces, SII=noon.) 

FEB. 21,1310 - A.M. 

I*-- 1 a *MT. a1 4 

APR. -, 1910 

t .i.. t I 

B. San Juan, P. R. 

(Subdlvisim represent hour intervals, Ishour totals in inches at the right.) 

Fla. Z.--“Rai auhgmphd’ or automatic records showing duration and intensity of r a W 1  at Baltimore, hfd. (A), and at San Juan, P. R. (B). 
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TABLE 3.4'reatest duration of excms-ive rains (in minutes). 

B. BREQUENCT OF RAINS. 

Rainfall frequency is so largely a m,stter of local topog- 
raph that, it is a difficult, ni;itt.er t.o mako a comparison 
whic 9 i will fairly reprcsent t,he diff erence between t h  
tropics and the miclclle latitudes in t.liis respect,. The aver- 
age monbhly and m n u d  nuiiihr of days wit,li rain for t,hc 
entire island of Porto Kim is compared with that of t:he 
entire Stat.c of hinl:).lnncl. In both cases trhe nunil>ers 
re resent blio average of about 40 stat.ions for a period 

The value of such a comparison is of couise largely de- 
pendent, upon t,he reprcsciit ative chnrsctm of the region 
select,ed. Both regions show a fnirly even distribution 
of rainy days through the year. The great,er frequency 
of rains in the tropical region is t>o he cspected, owing to 
a higher nieaii beniperntiire and humidity (Tables 4 and 
5, and fig. 3).  

TABLE 4.-Tolalfreqrccnc~y of rains. 

o P 15 to 20 yenw. 

SenJuan(10pesrs) _._...... 
stations ..._._.._____._.___ Port0 Rico (16 years), 40 

Balthore(44 years) _....... 
tlons .._._._.________._.___ Maryland (20 years), 40 sta- 

TABLE 5.-Frequency of stuted amounts of rainfall. 

Annual frequency: 
SanJuan P. R .__._._ 96 43 34 
Baltimor; Md ____.... 56 25 23 

P m t  eofire uency- P.ct .  P.cl .  P.cL 
~magu8n. P.% __._ 1.. 48 21 16 
Baltimore,Md _....... 43 19 17 

I I 

0.51to Over 
/;%- inch. 
-- 

21 15 
18 10 

P.d. P. et. 
10 7 
14 8 

Fm. &-Hourly rainfall irequency p a  annum at Baltirnore,Md., and at Ban Juan, P. R. 

Frequency of excessive rains. 

In  comparing the frequenc of excessive rains we h d  
a much greater difference. $or exam le, during a 12- 

cessive rains as compared with 78 at Baltimore during a 
period of 10 years. Allowing for the difference of two 
years in the periods, tho frequency a t  San Juan is more 
than double that a t  Bdtiniore. 

The distribution through the year is more uniform in 
the Tropics than in the middle latitudes; in the latter zone 
the escessive rains are confined h o s t  entirely to the 
siininier months. The influence of the hurricane season 
is dearly shown in the figures for July to November in 
the Tropics (Table 6). 

TABLE B.-A~erugefreqzc~ny of exceasiue rains. 

year period (1899-1911) at San Juan t E ere were 193 es- 

. 

Frequency of stated amounts of rainfaall. 
A mai;t.er of very great moment in agricultural pur- 

suits, the importance of which is generally overlooked, is 
the frequency of stated amounts of ra infd  and their dis- 
tribution through the year. Frequent moderate rains are 
generally more favorable for plant 
rains, assuniing equal total amounts 
is a wide ran e in the frequency of 

(fig. 4). 

inch in Porto 5 ico, a condition which is probably common 
to all regions with pronounced differences in topography. 
As the amounts grow larger the range rapidly decremes 

FREOUENCT 

91.10 011.20 021.30 0.31.40 0 4 1 4 0  051.50 061.70 07l.MI 

Inches. 
FIQ. I.-Frequpmoy per amum of stated amounts of rainfall at selected localities In 

Porta Rico and at  Baltimore, Md. 
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Hour anding-A. Y. 

1 2 3 4 5  6 1 7  8 9 10 1 1 N m . 1  
-------__--- 

- ~ u r n  .....__._.... am am 0.70 a75 ala asr an am an aw 1.04 1.18 
~ ~ i t i r n ~  _...._...... 1.87 217 2.33 zn 2.58 zr13 251 zsa 2.13 218 2.m 410 

"he best and most extensive tobacco plantations of 
Porto Rico are situated in the ortion of the island 

annu amount close to the avera e for the entire island. 
The station a t  Caguas, typical o this region, shows a 
record of 160 days with rainfall from 0.01 to 0.10 inch, 
with a total annual frequency of 263 days and a total 
rainfall of 6s inches. 

In the mountains of the western portion of the island, 
a region noted for the abundance and fine quality of its 
coffee, the rainfall is very heavy. A peculiarity of the 
rains of this region is that they show a masinium fre- 
uency of aniounts between 0.20 and 0.30 inch, whereas 

$e usual record shows a very decided preponderance of 
amounts less than 0.10 inch. 

havin the greatest number of lig Yl t rains, with a total 

9 9 

C. INTENSITY OF RAINFALL.  

A corn arison of excessive rates of rainfall a t  San Juan 
and at  &dt.imore reveals some interesting facts. The 
heaviest half-hour rainfall a t  Baltiniore, during a period 
of 15 years, shows a greater intensity than the heaviest 
half-hour fall at San Juan during a similar period. How- 
ever the Baltimore rainfall in question continued exces- 
sive but little more than 40 minutes, while at San Juan 
the rate was excessive for 1 hour and 40 minutes. 

P. 1. 

I l1 Ifdt. 

2 3 4 5 6 7 8 9 

1.58 1.19 1.32 1.33 1.~3 1.4 1.45 1.26 aw a95 an asg 
3.44 2.w 3.01 3.15 a% 2.47 2.93 2.85 259 441 1.9s 2.38 

7 Still more surprising are the curves of figure 7, sho 
the average values for all excessive rains a t  Baltimore an 
at San Juan for a period of 10years. "he curves are 
identical for the first 15 niinutes after which the San 
Juan curve drops below the Baltimore curve and con- 
tinues well below to the end of the excessive rate of fall. 
Again t8he San Juaa rains show a longer period of exces- 
sive rates, averaging 1 hour and 30 niinutes for Balti- 
inore and 2 hours for San Juan. 

MDT. 3 A . M .  6 A . M .  9A.M. NOON 3 P.M. 6 P . M .  9 P.M. MDT 

FIG. Q.-Curves 01 avrrsgo hourly rahlall. par rnnii!n, rt Baltimore, Md., and Pon 
Juan, P. R.  

TABLE 7.-Average Lowly amounts of rainfall per ycar at San Jum, P.  R. ,  and at Baltiinore, Md. (Inches.) 

11 

IJ 

FIG. &-Average rainfalls (hundredths of an inch) on days with rain in Forto Rlco. (Small italic figures give altitude in feet.) 



Fn. 7.-Various excessive r3lnfalls at Baltimore, Md. and at Sm Juan. P. R. Potted 
UIW Mirates rates at present called *~escessivs" by tho 17.8. \Teather ~urc;nl. 

TABLE &-Average rain all on days with rain, I%71 Juan, P .  R., and 
jaltimme, Nd. (Iwhes.) 

~ s n  ~ n a n  .................... 
B ~ M I I I ~ .  .................. 

TABLE 9.-G'reatcst in tm' ty  of rainfall at San Juan, P .  R., and at 
Baltimore, Md. 

mutes. 

5 ~ 1 0 ( 1 5 1 a O I S O ( l ~ ~ 1  ------ 
pltation In: Inches. Ineihcs. Inch@. Inches. Inchea. Inches. 

San uan P . R  ................. a79 1.02 2.09 3.43 4.21 Qrwtestj? Baltimore,Md ................. 0.80 I 1.35 1 ::til 2.75 1 2.871 2.87 
Rates Der hour: 

S i J u m  ....................... 9 4 8  6.12 5 2 4  4.18 3.43 4.21 
Baltimore ...................... I i e 0  1 8 1 0  1 i 6 8  I 5.50 1 2 8 7  1 1.44 

TABLE lO.-W&ht of rainfall. 
[A-Storm of Sept. 6,1910, at San Juan, P. R. B-Stormof Julyl2,1Boi(, at 

Baltimore, Ma.] 
Tons per acm. 

- - -~ 
Depth. 

Duration. 

First 5 minutes ...................... 
First 10 minutes ..................... 
First 15 minutes ..................... 
First 80 minutes ..................... 
First 45 minutes ..................... 
First BO minutes ..................... 
First 80 minutes ..................... 

k h t - 8 .  Inches. 
0. os 0.33 
a 25 a 9s a 40 1.72 
0.95 2.69 
1.71 ............ 
2.61 ............ 
3.98 ............ 

9 37 
a8 111 
45 195 

107 m 
194 ............ 
295 ............ 
450 ............ 

The seasoiial d.ishr'butio?r qf  m:ii;fflll in. Port0 Rim. 
-4ccompanying charts (figs. 14 and 15) show the nor- 

mal annual distribution over the island and the distribu- 
tion duriii a dry year (1907) and during a wet .year 

bution are the comparatively light raiidh on the south 
side and the coinpnrativeIy heavy rainfall throu h the 
center of the islnnd. ' I l l is distribution is readi f y ac- 
counted for by the topography of the island (figs. 12 to 
15). 
The rainfall of November, 1901, shown in the accom- 

panying map, represents the geooraphicnl distribution 
of rain during a month of frequent genvy rains associated 
with the passage across the North Atlantic of several 
well-developed cyclonic and anticyclonic areas, and 
points to one of the most prolific causes of heavy rains 
in Porto Rico, next to the passttge of hurricanes (fig. 8). 

(1901). T a e striking features of the geowaphical distri- 

FIO. 8.-Porto Rico raiufall (inches) for November, 1908. I.4 wet stormy month. A s u e d i o n  of pronounced HIGHS and mw8crmed theNorth Atlantic, extending their influence 
into the Tropics.] (Smallitalic flgum give altitudes in feet.) 
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1899 ............................... 
1900 ............................... 
1901 ............................... 
1903 ............................... 
1903 ............................... 
1904 ............................... 
1905. .............................. 

H u k n e s  a d  minfaU in Pvrto Riw. 
The heaviest general rains of the island are associated 

witb the passa e of hurricanes in the comparatively rare 

secondary development therefrom passes over or very 
close to the re 'on in question. The only exceptional1 

devastated the island to an unusual extent, occurred on 
August 8, 1899. It is one of the historic storms of the 
West Indies. The center of this storm passed directly 

instances in w % ich the center of a tropical cyclone or a 

K severe storm o f this character in recent years, one whic 

shown in the chart forming Plate XVIII of Weather 
Bureau Bulletin X. 
The weight of water precipitated upon the island of 

Porto Rico in the 30 hours during which the storm pre- 
vailed has been computed. Busing the calculations 
an average fall of 10 inches over the entire isl'md, 
the total weight of the rainfall was approsimately 
2,602,930,000 tons, equivalent to 723,300 tons per square 
mile or 1,113 tons per acre. 

I?XllF& 
80.40 
77.52 

9 3 . 0  
82.65 
69.09 
75.13 
72. OS 

- 

r8ee  Hurricanes of the West Indies, by 0. L. Fassig. Washington, 1913 (W. B. 
Bull. X) Plate XVI. 

1910 ............................... 
1911 ............................... 
1912 ............................... 
1913 ............................... 

TABLE ll.-W&hht of rainfall during hurricane of August 8, 1899. 

Average rainfall over entire island (30 hours) - inches. . 

Do ....................... tons per square mile.. 

10 
3,600 

acle.....................~-- ........................ 1,130 
723,200 

Do.. - - - - - -. - - -. . - - - -. . - - - - .tone, whole islaud. - 2,60~,920,000 

inches. 23 
1,663,360 

41,5S4, OOO 

Area of island. . -. . - -. -. - -. - - - - -. - - . - .square miles.. 
Weight of a sheet of water 10 inches deep, tons per 

Depth of rainfall over center of island (25 square miles), 

Weight of 23 inches of water. - - .tons per square mile. - 
Do.. ................. .tons over 35 square miles.. 

........................................... 

66. D 

72.58 
69.25 
64.71 

TABLE 12.-Sumnarg of rainfall data, Island of Porto Rico. 

2.52 
4.25 
0.17 
4.55 

23.e-l 
0 

10 

14 3 
1.4 

YW. 

3.8; 
x.07 
1.3i 
Y.*2 

1".4i 
0 

12 

1; 
2.0 

Total 
annual 
rainfall. 

4.94 
7.71 
1.22 

12.23 
26.21 
0 

11 
14 
6 
a.2  

7.43 
13.55 
4.11 

1O.iO 
33.W 
0 

14 
20 
10 
2.3 

Masns ........................... i 73.15 

S.80 
14.61 
5.27 

10.72 
28.41 
0.87 

20 16 
13 
2.8 

TABLE 13.-Summuy of rainfall data for entire 6lund of Porto R.ico (1899-1914). 

7.70 
13.67 
3.87 

13.90 
2c.52 
0.45 

15 
1Y 
9 
3.4 

I Jm. 

6.32 
12.15 
4.39 

17.03 
33.58 
0 

15 
20 
11 
2.4 

Amage rsinIsll (inches) .................. S.65 
Greatest monthly rainfall (inches) ......... 7.23 
Least monthly rainfall (inches) ............ I 1.57 

7.77 
15.72 
4.98 

23.W 
32.32 
0.32 

15 
19 
13 
3.3 

5.05 
9.49 
1.6i 

10.55 
22.62 
0 

14 
21 
8 
2.5 

Feb. I Mor. 

73.05 
P.%d 
63.54 
23.M) 

168.88 
18.83 

167 
183 
152 
10.8 

Greatest rainfall in 24 hours (Inches). ...... 
Greatest local monthly rainfall (inches). ... 
Least local month1 rainfall (inches). ...... 
Average number ofdays with rain. ........ 
Greatest number of daw with rain ......... 
Leapt number of days kith rain. ........... 
Mean departure from normal rainfall ....... 

I 

8.10 
35. &I 
0 

11 
17 
9 
1.8 

Apr. I May. 

JAN. FEE. MCH. APR. MAY JLME JULY AUG. SEP. OCT. NOV. DEC. JAN. 

I N S  
22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
Fro. O.-Mnrimum %hour i l l s  for Porto Rlco, San Juan, P. R., and Baltimore, W. 

6.88 
16. O i  
2. 55 
Y. 06 

33.30 
0 

14 
20 
9 
3.8 

I I 

Sept. 

8.09 
11,s 
4.89 

18. 22 
29.24 
0. 20 

16 
18 
14 
2.3 

-_ 

Greatest 
local 

annual 
rainfall. 

Inche8. 
140.06 
151.92 

168. W 
141.17 
115. 08 
131.01 
123.13 

107.03 
99.58 

107.11 
127.45 
107.64 

1W. 31 
121.73 
99.00 

138.50 

129.58 

- 
Last 
local 

annual 
Pillfall. 

Inches. 
50. ti2 
39.89 

38.51 
46. os 
21.42 
3ti. 110 
30.12 

26.86 

29. i0 
51.02 
23.98 

28. 77 
35.83 
23.43 
16.83 

32.60 

m. GO 

- 

Oct. I Nov. 
-- - 

Greatest 
rainfall 
in 24 

hours. 

Inches. 
23.00 
12.23 

17.02 
9.06 
6.10 
6.00 

a 48 
7.10 
5.38 

12.90 

10.30 
10.72 
6.50 

10.70 

IO. 75 

a 05 

is za 

Dags. 
182 
172 

176 
165 
15.2. 
159 
171 

159 
171 
172 
167 
161 

114 
180 
171 
161 

1 67 

Dee. 11 Annual. 
II- 

JAN. FE6. MCH. APR. MAY JUNE JULY AUG. SEP. OCT. NOV. DEC. JAN 

INS. 
15 

10 

5 

I I I I I I I I 
no. lO.-Monthly rainfalls for Porto Rico, 1899-1914. 
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ATLANTIC OC'EAN 

ISABELA BAR. 28.50" 
1:30 P.M. 

C;IKlBSE.I LV PK-4 

Ro. 11.-Rahfall over Porto Rlro during the passage of the hurricane of Au . 5  9,1890. Suwesd\*e positions of the renter of the storm a r ~  indicated by the dots on thervmwshow- 
ing its pach which is about 80 miles arm8 the l&ni. The msximurn ?(-hour rainfall wa8 23 inches, recorded at Adjuntas. 

Ro. lZ-Avmge annual mlnfdls for the two sides and the whole of the blend of 
Port0 Rim, 18BB-1914. 
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FIG. 13.-DiYtrIbution of the norm31 annual r:ilnhll of Porto Rieo. (RninhII in Inrhas; small itdie tigu~w give sltitudcu in feet.) 

FIQ. Il.-Anauel rsinlall of Potto RIoo In 8 dry yesr, 1907. (Rainfall in inches; small itallc figurns give altitudee in feet.) 
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. FIG. lJ.-.\nn:inl rainhllof Porto Riro in n wet pear. 1901. (I~ninfalllnia~ehes: smllItallr fieures eire nltitudesin fret.) - .  5 f / *  ’ ’ .! 
THE MECHANISM OF CYCLONES. 

B>- 11’. J. W. \vHIl’FLE. 

[dbalracl rrpriiztt,d /rmn Report of tlir 85th Mecling of the British Associntlon for the 
Adv:lncrmrnt ol SLICIIW, 5.Lm+trster, 381:. p. aci7.J 

The distrihut,ion of pressure nnd temperat,ure in 
cyclones in t,he 1’eniprrtt.e Zoiic litis been lc?nrned from 
the analysis of t.he rc~cor~ls froiii t,he mct,eorogmphs 
ctirried hy [sounding] bnlloons. Tip t.o a height of P or 9 
kilomet,ei.s tlie c.yc.lon~ is rompused of air cooler t.1iti.n it,s 
surrouiidiiigs : nt. grptitcr li(ightsq i. e. .  in thc st.rat.rrspliert1, 
t.lie c\:cli;nc coiitnins c.oiiiptirl~.tivel?. wi~riii nir. T h o  
lower h i i t .  of t.he st,ra t,ospherr is depressed in t.Iir cyclone. 
This t.enipara t,ure dist.ribut.ion indicates t.lint t,he nir 
const,it.ut.ing t.!w lower part. of t,he cyclnne Iias recently 
ascended, wlierras t.hc upper nir lins recently fallen, and 
accordingly the arrival of n cychie is mnrketl by an 
outflow of air nt. t.he hot.t,oni nf t,he st.rat,osphere and an 
inflow hclow. At, t.hc beginning of thc present psper 
t,he amount. of this displucement, of air is estimntetl 
011 t,he a.ssuiiipt.inn t.litit, there is no direct! esclisnge of 
ha t ,  cincl it is sliown that, t.he out~flow is concentrated 
between t,lic. 7t.h mid 10t.h kilonir.t,ci.s slid is about 6.5 
times t,lie net. loss of nir ns est.iiiint.ecl hp the fall of pres- 
sure at, t,Jic c.:irt.h’s aurf:ice. 

I t  is point.rd out t,lint 21 c.yrlonc1 ninp be regnrdecl as :I 
dist~iirhiinc~r in t.lic st.rc-am of air mhic4i f l inrs from west. bo 
enst. in thc Tompcjr:i.t.e Zone, :lad the forni of the isobnrs 
obtained by supwiniposing the prrnianent, pressurc 
c!ist.rihution tind the teinpomry cgc.lonic. diat.rihution 
is discussed. It) is slio\\rll t,liat, when due cdlowance is 
made for t.Iie cur-mt.ure and t.lie progressive niot,ioii 
of t.hese isohws, the gradient. wind a t  certnin 1ieiglit.s 
is much less tlinii it, would liave been if the curvat.ure 
were inappreciilble, so tlint, a t  these hei bt,s tlie air supply 

cyclone tipprnis t.0 niove under t,lie influcnce of suction 
applied at, t,he base of tlie st,rntosphere. T h  esplana- 
tion may be sumninrized a.s follows: 

If the flow of air at  any level ivcrt? entirely horizontal 
and nloiig the isobais, and if the changes of clensity were 

from tlie rear t.o t,he front, of tlie cyc f one fails and the 

5512G16-2 

1 -  

negK-gible, then the condition for continuity would 
roquire the velocity to be inversely proportional to the 
distance between the isobars? i. e., the velocity would 
l)e directly proportional to the pressure gradient. This 
condition is not satisfied, however, in regions where tlie 
rtir trajectories are curved. The pressure has to produce 
the centripetal acceleration in the curved path in  addi- 
t.ion to overcoming the tendency to turn to the right, 
which is the feature of all horizontal motion in our hemi- 
sphere. Accordingly the actual velocity wliere the iso- 
b l i ~  are curved is less than it should be to secure con- 
tinuity and maintain a stationary distribution of pres- 
sure. The effect of curvature in reducing the velocity 
is greatest at  the heights where the winds are strongest, 
and therefore the suction effect is concentrated near the 
base of the stratosphere. 

The general argument is supported by the analysis of 
two special cases. 

CAUSES CONTBIBUTORY TO THE ANNUAL VARIATION OF 
LATITUDE.’ 

By HAROLD JEFFRKYR. 
[Abstr.wt.\ 

The motion of the terrestrial pole relative to the surface 
of the earth was shown hy Chaucllcr to consist mainly of 
two parts, viz, a circular niotion w-ith a period of 130 days, 
aiid an aiinual motion in an elli ise. The fornier is con- 

polhode motion, or Ederiaii nutation. The latter is gen- 
erally attributed to meteorolooical cituses. An elaborate 
analysis of these causes is pubhied by Mr. H. Jeffreys in 
the “ Monthly Notices.” The author osaniines separately 
tlie effects of atmospheric. motion, oceanic inovements, pre- 
cipitation, vegetation, and polar ice. He concludes that 
“the known nieteorolo ical causes are apparently capable 
of giving a fair1 goo if account of the observed aiiiiual 

the rmgc of uncertainty of the data.” 

sidered to be identical with the 1 ree vibration called the 

motion of the po 9 e, the errom found being perhaps within 

I See Monthly notices, Hog.  ilslron. soi‘., I.onrlon, A;~ril, I’Jllj. 76: 499-525. P1.8. 


